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(54) Electrical connecting element and method of producing the same 



(57) A metallic thin film 15 is formed on a mold 11 
having protrusions 1 2 complementary in shape to a con- 
ductor pattern to be formed; a substrate 17 having a 
transfer layer 16 of adherent (or adhesive) material ap- 
plied to one side surface thereof is provided; and the 
transfer layer 16 side of the substrate is brought Into in- 
timate contact with the metallic thin film 1 5 laid over the 
protrusions 12, followed by pulling the transfer layer 
apart from the mold so as to transfer the metallic thin 
film 15 covering the protrusions 12 onto the transfer lay- 
er 16 to thereby form the conductor pattern 18 on the 
transfer layer 16. 
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Description 

Background of the invention 

[0001] This invention relates to electrical connecting 
elements such as connectors for electrically connecting 
wiring or circuit boards with each other, and anisotropic 
conductive elements for interconnecting terminals, elec- 
trodes, etc. on flexible printed wiring or circuit boards 
such as flat cables and circuit boards, and a method of 
producing the same. 

[0002] Heretofore, the prior art connectors for electri- 
cally connecting wiring boards with each other, for ex- 
ample have generally required mechanisms/members 
for mechanically fixing the connectors and the wiring 
boards and maintaining the boards connected as well 
as members for establishing the connection. Conven- 
tional connectors having such mechanical coupling 
means have been correspondingly complicated in struc- 
ture, resulting in hampering the miniaturization and slim- 
ming-down. Japanese Patent Publication No. 7-220846 
issued August 18, 1995 discloses producing a connec- 
tor by bonding a metallic thin sheet to an insulating cush- 
ioning material and laser-machining channels in the me- 
tallic thin sheet, followed by bending the assembly per- 
pendiculariy to the channel machining direction into a 
U-shape with the cushioning material facing inward. 
This required machining channels by laser on connec- 
tors one by one, rendering the manufacturing process 
cumbersome. 

[0003] On the other hand, to take the conventional 
manufacturing of flexible printed wiring boards (FPC) by 
example, the process involves forming a required con- 
ductor pattern on a substrate (base film), followed by 
laying a covering over the conductor pattern to protect 
and insulate the latter. However, it required a dedicated 
adhesive to bond the covering to the substrate, and in- 
volved an additional step to apply the adhesive. 
[0004] Accordingly, it is an object of this invention to 
provide an electrical connecting element which is easy 
to manufacture, and a method of producing the same. 
[0005] Another of this invention is to provide an elec- 
trical connecting element which is of simple construction 
and allows for reduction in size and thickness, and a 
method of producing the same. 

Summary of the Invention 

[0006] According to one aspect of this invention, a 
metallic thin film is formed on a mold having protrusions 
complementary in shape to a conductor pattern to be 
formed, and a transfer layer of adherent (or sticky) ma- 
terial or adhesive material is applied to the metallic thin 
film laid over the protmsions, followed by pulling the 
transfer layer apart from the mold so as to transfer the 
metallic thin film covering the protmsions onto the trans- 
fer layer to thereby form the conductor pattern on the 
transfer layer. 



[0007] Alternatively, the transfer layer may be applied 
to one side surface of the substrate. The term "adherent 
material" used herein refers to the material with which 
two objects will be bonded together in such a manner 

5 that they may be subsequently peeled apart at the joined 
surfaces while the term "adhesive material" used herein 
refers to the material with which two objects will be bond- 
ed together in such a manner that they may be hardly 
peeled apart at the joined surfaces. 

10 [0008] In an alternative embodiment, the metallic thin 
film may be of multilayer construction including a prime 
layer having a weak adhesion to the mold. 
[0009] The electrical connecting element according to 
this invention comprises a substrate having a transfer 

IS layer of adherent material or adhesive material thereon, 
and a conductor pattem provided on the transfer layer. 
The conductor pattern is obtained by forming a metallic 
thin film on a mold having protmsions corresponding to 
the conductor pattem, adhering the substrate to the me- 

20 tallic thin film laid over the protmsions by means of the 
transfer layer, followed by pulling the substrate away 
from the mold so as to have the metallic thin film laid 
over the protmsions transferred onto the transfer layer 
to thereby form the conductor pattern thereon. 

25 [001 0] The connector for use as an electrical connect- 
ing element according to this invention for electrically 
connecting wiring boards with each other comprises a 
wiring element composed of a substrate having a trans- 
fer layer of adherent material or adhesive material ap- 

30 plied to one side surface thereof, and a conductor pat- 
tern having a plurality of parallel conductor lines formed 
on the transfer layer The conductor pattem is obtained 
by forming a metallic thin film on a mold having ridge- 
like protmsions corresponding to the array of the con- 

35 ductor lines, adhering the transfer layer side of the sub- 
strate to the metallic thin film laid over the protmsions, 
followed by pulling the substrate away from the mold so 
as to have the metallic thin film on the protmsions trans- 
ferred onto the transfer layer to thereby form the con- 

40 ductor pattem thereon, wherein the conductor lines of 
the conductor pattem is in opposing contact with the re- 
spective wiring lines to be connected of the two wiring 
boards being connected to thereby establish connection 
between those wiring lines, the substrate being pressed 

45 against the two wiring boards such that those portions 
of the transfer layer between the adjacent conductor 
lines are adherently (or stickily) attached to the surfaces 
of the two wiring boards to form a mechanical bond. 
[0011] In an alternative embodiment, the wiring ele- 

50 ment may be folded in two along a fold line extending in 
the direction of arrayal (transversely) of the conductor 
lines of the conductor pattem with the conductor pattern 
side facing outwardly to form a connector for use as an 
electrical connecting element. Preferably in this case, 

55 the wiring element is folded back by 1 80 ° and a spacer 
or retainer member is sandwiched between the folded 
legs of the element so that the wiring element may be 
secured to the retainer member. 
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[0012] In an alternative embodiment, the connector 
for use as an electrical connecting element comprises 
two of the wiring element constructed according to this 
Invention. The two wiring elements are bonded together 
with the conductor patterns of one halves of the respec- 
tive wiring elements in opposing contact with each other 
by virtue of the transfer layers of the two wiring elements 
being adherently attached together while the substrates 
of the other halves of the respective elements have 
spacers affixed thereto on the side opposite from the 
side on which the respective conductor pattems are 
fomned. 

[001 3] The flexible printed wiring board for use as an 
electrical connecting element according to this invention 
comprises a covering laid over the surface of the wiring 
element according to this invention on which the con- 
ductor pattern is formed, the covering being bonded to 
the element by means of the transfer layer. 
[001 4] The anisotropic conductive element for use as 
an electrical connecting element according to this inven- 
tion comprises the wiring element according to this in- 
vention having a conductor pattern composed of a 
number of conductor lines arranged parallel to each oth- 
er at a predetermined pitch, the thus constnjcted wiring 
element being cut orthogonally to the length of the con- 
ductor lines into strips, a plurality of which are in turn 
stacked one on another in vertical alignment with each 
other, the thus built-up strips being pressed together in 
the direction of stacking to be laminated together in one 
piece assembly. 

[001 5] A method of producing an anisotropic conduc- 
tive element for use as an electrical connecting element 
according to this invention comprises the steps of pro- 
viding a mold having a multiplicity of grooves formed in 
the surface thereof in a grid pattem and a multiplicity of 
protrusions, one extending from the top of each of the 
rectangular raised sections surrounded by the grooves; 
forming a metallic thin film on the mold having the pro- 
trusions; providing a transfer layer of adherent material 
or adhesive material having a release sheet applied on 
one side thereof and penetrating the protnjsions of the 
mold into and through the transfer layer into abutment 
against the release sheet to thereby bring those portions 
of the metallic thin film covering the side surfaces of the 
protrusions and the surfaces of the rectangular raised 
sections into close contact with the adherent material or 
adhesive material; pulling the transfer layer together 
with the release sheet apart from the mold; then remov- 
ing the release sheet from the transfer layer to complete 
an anisotropic conductive element having fomned ther- 
eon a multiplicity of conductor pattems penetrated 
through and held by adherent material or adhesive ma- 
terial. 



Brief Description of the Drawings 
[0016] 

5 Fig. 1 is a schematic diagram illustrating the se- 

quential steps of one embodiment of the method of 
producing the electrical connecting element ac- 
cording to this invention; 

Fig. 2 is a perspective view of the mold 11 shown in 

10 Fig. 1; 

Fig. 3 is a perspective view of an embodiment of the 
wiring element for use as an electrical connecting 
element according to this invention manufactured 
by the process illustrated in Fig. 1; 

15 Fig. 4A is a perspective view illustrating an embod- 
iment of the connector for use as an electrical con- 
necting element according to this invention; 
Figs, 4B and 4C are perspective views illustrating 
how wiring boards are connected with each other 

20 by the connector shown in Fig. 4A; 

Fig. 5A is a perspective view illustrating another em- 
bodiment of the connector for use as an electrical 
connecting element according to this invention; 
Fig. 58 is a side view illustrating the wiring boards 

25 connected with each other by the connector shown 
in Fig. 5A; 

Fig. 6A is a perspective view illustrating yet another 
embodiment of the connector for use as an electri- 
cal connecting element according to this invention; 

30 Fig. 6B and 6C are perspective views illustrating 
how wiring boards are connected with each other 
by the connector shown in Fig. 6A; 
Fig. 7 is a perspective view illustrating an embodi- 
ment of the flexible printed wiring board for use as 

35 an electrical connecting element according to this 
invention; 

Fig. 8A is a perspective view illustrating another em- 
bodiment of the connector stock manufactured by 
the method according to this invention; 
40 Fig. 8B is a perspective view illustrating strips cut 
from the stock shown in Fig. 8 A being stacked one 
on another; 

Fig. 8C is a perspective view illustrating an embod- 
iment of the anisotropic conductive element for use 
45 as an electrical connecting element according to 
this invention; 

Fig. 9 is a schematic diagram illustrating the se- 
quential steps of another embodiment of the meth- 
od of producing the electrical connecting element 

50 according to this invention; 

Fig. 10 is a perspective view showing a part of the 
mold 11 shown in Fig. 9; and 
Fig. 11 is a perspective view illustrating another em- 
bodiment of the anisotropic conductive element for 

55 use as an electrical connecting element according 
to this invention. 
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Detailed Description of the Preferred Embodiments 

[0017] Fig. 1 illustrates the sequential steps of one 
embodiment of the method of producing the electrical 
connecting element according to this invention. The 
steps wil) be described speclficatty below. 

(1) A mold 11 is provided. The mold 11 has formed 
in its surface protrusions 1 2 corresponding to a con- 
ductor pattern to be formed. In the example illustrat- 
ed, the protrusions 12 comprise a plurality of raised 
ridges arrayed at a predetermined pitch, as shown 
in Fig. 2, although the raised ridges need not nec- 
essarily be arrayed at equal intervals. 

(2) First, on the mold 11 a metallic film having a rel- 
atively weak adhesion (weak adherent power) to 
the mold is formed by vapor deposition, sputtering 
deposition or plating (either electroless plating or 
electrolytic plating) to provide a prime layer 13. 

(3) The next step is to form on this prime layer 13 a 
main conductor layer 14 in the form of a film to a 
predetermined thickness from which a conductor 
pattern are to be formed. This film forming is effect- 
ed by vapor deposition, sputtering deposition or 
plating (electroless plating and/or electrolytic plat- 
ing) to thereby provide a two-ply metallic thin film 
15 composed of the prime layer 13 and the main 
conductor layer 14. 

(4) Next, a substrate 17 having a transfer layer 16 
of adherent material applied to one side surface 
thereof Is provided. The substrate 17 is oriented 
with its transfer layer 16 facing toward the mold 11 
and the transfer layer 16 is then brought into inti- 
mate contact with the metallic thin film 15 on the 
protrusions 12. 

(5) The transfer layer 1 6 together with the substrate 
1 7 is pulled up away from the mold 1 1 . In doing so, 
the metallic thin film 1 5 on the protrusions 12 which 
is now adherently attached to the transfer layer 16 
is peeled apart from the mold 1 1 at the interface with 
the mold. 

(6) That is, the metallic thin film 15 on the protru- 
sions 12 is transferred and adherently attached on- 
to the transfer layer 16. It is thus to be appreciated 
that a wiring element 19 is completed which com- 
prises the substrate 17 and a conductor pattern 18 
formed of the metallic thin film 15 transferred onto 
the transfer layer 16. Fig. 3 shows the entire con- 
figuration of the thus completed wiring element 19. 

[0018] In the method of forming a conductor pattern 
as described above, gold, tin or carbon which is poorer 
In adherence to the mold 11 than the main conductor 
layer 14 may be used for the material of which the prime 
layer 13 is formed while nickel or copper may be used 
for the material of which the main conductor layer 14 is 
formed. Forming the main conductor layer 14 of nickel 
or copper will provide the conductor pattem 18 which 



have a desired mechanical strength and which may be 
provided with conductivity as required. The prime layer 
1 3 need only allow the metallic thin film 15 to be peeled 
apart from the mold 11 at the interface, and may be very 

5 thin even on the order of 0.005 ^im. However, if the prime 
layer 1 3 is made of gold to enhance the conductivity of 
the conductor pattern 18, it may be on the order of say 
0.05 (ijn. It is desirable from the viewpoint of mechanical 
strength that the main conductor layer 14 be more than 

10 3 nm in thickness. 

[0019] Various materials such as glass, silicon, stain- 
less steel and fluoroplastics may be used for forming the 
mold 11. When the mold 11 is made of fluoroplastics. 
which is extremely poor in adhesion to metallic film, a 

15 main conductor layer 14 of nickel or copper may be 
formed directly on the mold 1 1 without the need for in- 
tervening the prime layer 13 as of gold or tin, and the 
main conductor layer 14 as such may be easily removed 
from the mold 1 1 at the interface. The need for the prime 

20 layer 13 may also be eliminated by fluoridizing the sur- 
face of the mold 11 made of glass, silicon or stainless, 
or by oxidizing the surface of the mold 11 in the case 
that the latter is made of silicon. 

[0020] Concerning the formation of the protrusions 1 2 

25 on the mold 11, such protrusions 12, if they are in the 
form of raised ridges as in the example illustrated, may 
be easily formed in an array at a predetermined pitch by 
channelling In the surface by the use of a dicing saw, for 
example. Depending on the configuration and dimen- 

30 sions of the protrusions 1 2, the etching process may al- 
so be utilized. By way of example, when a conductor 
pattern 18 to be formed Is composed of conductor lines 
of miniscule size and arrayed at a fine pitch, it is possible 
to adopt such a method as making a mold 11 of silicon 

35 and forming protrusions 12 by dry etching utilizing a 
mask. With the use of a dicing saw, it is possible to make 
the pitch of protrusions 12 as fine as 100^m while the 
use of dry etching allows for making the pitch of protru- 
sions 12 as fine as Ijxm. It is to be noted that the depth 

40 of the channels should be greater than the thickness re- 
quired of the metallic thin film 1 5. 
(0021 ] For the substrate 1 7, either a flexible substrate 
such as polyimide resin or the like or a rigid substrate 
such as glass, epoxy resin or the like may be selectively 

45 used depending on the application of the wiring element 
19. 

[0022] White the transfer layer 1 6 of adherent material 
maintaining stickiness is disposed on one side surface 
of the substrate 17 in the example illustrated, the adher- 
50 ent material may be replaced by a transfer layer 16 of 
adhesive material which will cure after a lapse of a pre- 
determined period of time. 

[0023] Further, depending on the application, the 
main conductor layer 14 may be made of gold, in which 
55 case the metallic thin film 15 will be formed of a single 
layer of gold. In addition, in order to ensure symmetry 
as vertically aligned conductor patterns 18 and to pre- 
vent oxidization of the main conductor layer 14 made of 
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nickel or copper, the same metallic film as the prime lay- 
er 13 may be additionally formed on the main conductor 
layer 14, in which case the metallic thin film 15 will be 
of a three-ply construction of gold/nickel/gold. 
[0024] Fig. 4 illustrates how a wiring element manu- s 
factured by using the conductor pattern forming process 
as described above (which will be referred to as "trans- 
fer method" hereinafter) is used for a connector as an 
electrical connecting element. As shown in Fig. 4 A, the 
connector 21 includes a conductor pattern 18 compris- io 
ing a plurality of conductor lines arranged parallel to 
each other at a predetermined pitch on a transfer layer 
16 of adherent material applied to one side surface of a 
substrate 17. 

[0025] The connector 21 is used to connect two wiring is 
boards 22 with each other as shown in Fig. 4B. The wir- 
ing boards 22 are lined end to end such that the wirings 
23 at the ends to be connected are in line with each other 
and the connector 21 is brought into pressure contact 
with the two wiring boards 22 with the conductor pat- 20 
terns 18 of the connector 21 positioned in opposition to 
the corresponding wirings 23 to be connected as shown 
in Fig. 4C. This pressure contact brings the wirings 23 
of these two wiring boards 22 into electrical connection 
with each other as well as forcing the conductor pattern 25 
1 8 of the connector 2 1 into the transfer layer 1 6 whereby 
those portions of the transfer layer 16 between the con- 
ductor pattern 18 are adherently attached to the corre- 
sponding surface portions of the two wiring boards 22 
to provide mechanical bonding between the connector 30 
21 shown in and the two wiring boards 22. The degree 
of the bonding by means of the transfer layer 16 may be 
detemnined by selecting the thickness of the transfer lay- 
er 16 in consideration of the thicknesses of the conduc- 
tor pattern 18 and the wirings 23. ^5 
[0026] The transfer layer 1 6 is subjected to elastic de- 
formation by the conductor pattern 18 forced thereinto 
to thereby be adherently attached to surface portions of 
the two wiring boards 22, so that the elastic restoring 
force of the transfer layer contributes as a load acting in 40 
the sense to urge the conductor pattern 18 into contact 
with the wirings 23 whereby good electrical connection 
may be established between the conductor pattern 18 
and the wirings 23, 

[0027] The construction of this connector 21 elimi- 45 
nates the need for a separate dedicated member (part) 
for mechanically securing the connector to the two wir- 
ing boards 22 by utilizing the transfer layer 16 not only 
forfomning the conductor pattern 1 8 through the transfer 
by virtue of stickiness, but also for providing mechanical so 
securement to the wiring boards 22 to be interconnect- 
ed. It is thus to be appreciated that the connector 21 
according to this invention is simple in construction and 
may be formed in a very low profile. In addition, it should 
be understood that the transfer layer 16 may be repeat- S5 
ediy (detachably) used by choosing an appropriate ad- 
herent material of which the transfer layer is formed or 
alternatively that permanent connection may be provid- 
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ed, if desired, by using an adhesive material to form the 
transfer layer 16. 

[0028] Fig. 5 illustrates another embodiment of the 
connector for use as an electrical connecting element 
according to this invention in which a wiring element 19 
having a conductor pattern 18 comprising a plurality of 
conductor lines formed in an array by the transfer meth- 
od as described above is folded by 180 along a fold 
line extending in the direction of arrayal of the conductor 
lines with the conductor pattern 18 side facing outwardly 
and a spacer or retainer member 24 in the fomn of a thin 
plate is sandwiched between the folded legs of the ele- 
ment to form a connector 25, as shown in Fig. 5A. The 
radius of curvature of the fold may be on the order of 0,2 
mm, for example. 

[0029] In the example illustrated, the substrate 17 is 
in the form of film of polyimide resin, for example or the 
like which may be easily folded, and has a transfer layer 
16 applied on one side surface thereof on which con- 
ductor lines are formed in an an^ay to constitute a con- 
ductor pattern 18. 

[0030] The wiring element 1 9 is maintained in its fold- 
ed position by the retainer member 24 to which the inner 
opposed of the folded wiring element 19 are fixed by an 
adhesive, for example. 

[0031] The retainer member 24 in the form of a thin 
plate is made of glass sheet or a sheet of epoxy resin 
or the like, although it may be formed of an elastic ma- 
terial such as rubber 

[0032] This connector 25 is designed to be sand- 
wiched in use between two wiring boards 22 to be inter- 
connected as shown in Fig. 5B so as to connect the two 
wiring boards 22 having their wiring faces opposed to 
each other, 

[0033] It is thus to be understood that this connector 
connection is established by sandwiching and com- 
pressing the connector 25 between two wiring boards 
22 to be connected with the conductor pattem 18 facing 
in opposition to the wirings 23 of the two wiring boards 
22 whereby the mechanical connection as well as elec- 
trical connection is effected in the same manner as with 
the connector 21 illustrated in Fig, 4, 
[0034] Fig. 6 illustrates another embodiment of the 
connector for use as an electrical connecting element 
for connecting two wiring boards having their wiring fac- 
es facing inwardly (but not necessarily facing in oppos- 
ing relation). In this example, as shown in Fig. 6A, a pair 
of wiring elements 19 each having a conductor pattern 
18 comprising a plurality of conductor lines formed in an 
an-ay by the transfer method as described above are po- 
sitioned with the conductor patterns of one halves, as 
viewed lengthwise of the conductor lines, of the respec- 
tive elements 19 in opposing contact with each other 
and bonded together by virtue of the transfer layers of 
the two wiring elements being adherently attached to- 
gether as a result of being pressed such that those por- 
tions of the outer substrates 1 7 backing the transfer lay- 
ers of the one halves are urged toward each other while 
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the substrates 1 7 of the other halves of the respective 
wiring elements 19 have spacers 26 affixed thereto on 
the side opposite from the side on which the conductor 
patterns 18 are formed. 

[0035] Like the connector 2 1 shown In Fig, 5, the con- 5 
nector 27 is sandwiched in use between two wiring 
boards 22 as shown In Fig. 6B wherein the exposed con- 
ductor patterns 18 of the other halves of the two wiring 
elements 1 9 are opposed to the wirings 23 of the corre- 
sponding wiring boards 22 to be connected while the 
two spacers 26 are pressed on by the respective oppos- 
ing board surfaces of the wiring boards 22 to bring the 
conductor patterns 18 and the wirings 23 into pressure 
contact with each other whereby as shown in Fig. 6C, 
electrical connection is established between the wirings 
23 to be connected whiJe at the same time the transfer 
layers 16 are adherently attached to the board surfaces 
of the wiring boards 22 to provide mechanical bond. 
With this connector, the wiring boards 22 to be intercon- 
nected are spaced apart from each other by a distance 
corresponding to the spacing between the two spacers 
26 and need not be opposed to each other 
[0036] Fig. 7 Illustrates an embodiment of the flexible 
printed wiring board for use as an electrical connecting 
element according to this Invention. In this embodiment 
the flexible printed wiring board 29 is composed of a wir- 
ing element 19 having a conductor pattern 18 compris- 
ing a plurality of conductor lines formed by the transfer 
method as described above and a covering 28 laid over 
the conductor pattem side surface of the wiring element 
19. 

[0037] By way of example, the covering 28 may be 
affixed to the wiring element 19 by placing the covering 
28 over the conductor pattern 18 and pressing and roll- 
ing a roller on the covering to force the conductor pattern 
18 Into the transfer layer 16 whereby the transfer layer 
16 Is adherently attached to the covering 28. It Is thus 
to be understood that In this example the covering 28 
may be bonded to the wiring element 19 without the 
need for applying an additional adhesive to the conduc- 
tor pattem 18 for adhering the covering 28 to them. 
[0038] The substrate 1 7 and the covering 28 may be 
made of polyimide film, for example. 
[0039] It will be appreciated that in this example an 
end portion of the wiring element 19 is not covered by 
the covering 28 so as to expose the end portions of the 
conductor pattern 18 and transfer layer 16 as shown 
whereby at this end portion, the wiring element 19 may 
be readily connected with an electrical element such as 
an other wiring element or the like to establish bot elec- 
trical and mechanical connection. 
[0040] However, for an application where such joint 
relying on the adherent property of the transfer layer is 
required, the adherent (sticky) material may be replaced 
by an adhesive. 

[0041] Fig. 8 illustrates an embodiment of the inven- 
tion in which the transfer layer 16 having a conductor 
pattern formed thereon lacks a substrate. More spectfi- 
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cally, in this example, an anisotropic conductive element 
for use as an electrical connecting element is formed 
using a connector stock 31 comprising a transfer layer 
16 having a conductor pattern 18 composed of a plural- 
ity of conductor lines formed in an array thereon. As 
shown in Fig. 8A, the stock 31 is manufactured by form- 
ing a conductor pattern 18 composed of a plurality of 
conductor lines arranged In parallel at a predetermined 
pitch on a transfer layer 16 in the form of a sheet, and 
the stock is then cut into a plurality of equal lengths of 
strips 32 transversely as indicated in broken lines in Fig. 
8A, that is, orthogonally to the length of the conductor 
lines. 

[0042] The transfer layer 1 6 in the form of a sheet may 
be made of a material similar to a double-faced adhesive 
tape, for example which contains a required amount of 
fibers such as glass fibers. 

[0043] Those strips 32 are stacked one on another In 
shown in Fig. 88 and the thus built up strips 32 are com- 
pressed together in the direction of stacking to be lam- 
inated together, whereby the adherent materials 16 of 
the strips 32 with the conductor patterns 18 embedded 
therein are integrated in one piece assembly as shown 
in Fig. 8C to form an anisotropic conductive element 33. 
[0044] The anisotropic conductive element 33 Is pro- 
vided with anisotropic conductivity by a multiplicity of 
conductor pattems 18 held in an array, and may be In- 
terposed between two electrodes to be connected such 
that the opposite end faces of the conductor pattems 18 
of the one piece built-up assembly are in contact with 
the two electrodes whereby the electrodes may not only 
be connected for conduction of electricity through only 
those portions in contact with the anisotropic conductive 
element 33 but also be mechanically coupled together 
due to the adherent attachment of the transfer layer 1 6 
to the electrodes. 

[0045] As is apparent from the embodiment illustrated 
in Fig. 8A, the substrate 17 Is not necessarily used, and 
accordingly the substrate 17 may be eliminated in the 
connectors shown in Figs. 5 and 6. 
[0046] Now, the method for producing the anisotropic 
conductive element will be described as another em- 
bodiment of the method (transfer method) for forming a 
conductor pattem according to this invention. 
[0047] Fig. 9 illustrates the sequential steps of the 
process of producing the anisotropic conductive ele- 
ment, each step of which will be described below. 

(1) A mold 34 is provided. In this example, the mold 
34 has a molding surface as shown in Fig. 10 which 
comprises a multiplicity of grooves 35 arranged in 
a grid pattern and a multiplicity of protrusions 37, 
one extending from generally the center of the top 
of each of the rectangular raised sections 36 sur- 
rounded by the grooves 35. 

(2) The next step is to form a metallic thin film 15 
on the molding surface of the mold 34. While the 
metallic thin film 15 Is shown in a simplified fomn as 
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being a single-ply layer, it may be one that compris- 
es a prime layer and a main conductor layer like the 
metallic thin film 15 shown in Fig. 1. Further, it 
should be noted that in this example the metallic film 
is coated over not only the horizontal surfaces of 5 
the mold 34 but also the vertical surfaces. For the 
materials of which metallic thin film 1 5 and the mold 
34 are made, the materials described with refer- 
ence to Fig. 1 may be selected. 

(3) A transfer layer 19 of adherent material having 
a release sheet (separator) 38 comprising a double- 
face adhesive tape having applied on one side sur- 
face thereof is provided. With the other side surface 
opposing the mold 34, the protrusions 37 of the 
mold 34 are penetrated into and through the trans- 
fer layer 16 until the top ends of the protrusions 37 
come into abutment against the release sheet 38, 
whereby those portions of the metallic thin film 15 
covering the side surfaces of the protrusions 37 and 
the surfaces of the rectangular raised sections 36 
are brought into intimate contact with the transfer 
layer 16. 

(4) Then, by pulling the transfer layer 16 together 
with the release sheet 38 apart from the mold, those 
portions of the metallic thin film 15 adherently at- 
tached to the side portions (also including the top 
surfaces) of the protrusions 37 and the surfaces of 
the rectangular raised sections 36 are peeled apart 
from the mold 34 at the Interface with the mold. 

(5) Finally, the release sheet 38 is removed from the 
transfer layer 16 to complete an anisotropic conduc- 
tive element 41 having formed thereon a conductor 
pattern 39 composed of a multiplicity of conductor 
39 penetrated through and held by the transfer layer 
16. Specifically, as shown in Fig. 9 (4), (5), each of 
the conductors comprises a tubular section adher- 
ently formed around the Inner peripheral surface of 
corresponding one of the through-bores formed 
through the transfer layer 16, a closure closing one 
end (bottom end) of the tubular section, and a flange 
section continuously extending from the other end 
(top end) of the tubular section and adherently at- 
tached to one side surface of the transfer layer 16. 
It is to be noted that the transfer layer 1 6 is the one 
which contains fibers such as giass fibers as with 
the transfer layer 16 shown in Fig. 8. 

[0048] Fig. 1 1 illustrates the construction of the aniso- 
tropic conductive element 41 produced as described 
above wherein a conductor pattern 39 comprises a mul- 
tiplicity of conductors in the form of through-conductors 
arranged in a grid pattern penetrated in and held by the 
transfer layer 16. 

[0049] It is noted that as with the anisotropic conduc- 
tive element 33, this anisotropic conductive element 41 
is also configured to conveniently and effectively pro- 
vide mechanical connection as well as electrical con- 
nection due to the transfer layer 16 adherently attaching 
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to electrodes, for example. 

[0050] As is appreciated from the foregoing, this in- 
vention allows for easily forming a conductor pattern on 
a transfer layer or a layer of adhesive which has here- 
tofore difficult by the adoption of the transfer method in- 
volving peeling a metallic thin film formed on a moid 
apart from the mold at the interface. 
[0051] It should also be noted that the transfer layer 
on which a conductor pattern is to be fomied is not sub- 
ject to special limitations in choosing the material for the 
transfer layer since it is not exposed to either high tem- 
perature or chemicals, for example during the manufac- 
turing process. Accordingly, the type of the material for 
the transfer layer may be selected as required. 
[0052] According to the method of this invention, once 
a mold has been made, it is possible to form a conductor 
pattern corresponding in configuration to the mold re- 
peatedly and with good precision. Additionally, this 
method allows for forming a conductor pattern of ex- 
tremely narrow or fine conductor lines as well as very 
closely spaced conductor lines. Moreover, it is easy to 
render the metallic thin film formed on the mold extreme- 
ly thin by controlling the film forming process, so that It 
is possible to form even an extremely thin film success- 
fully. 

[0053] The use of this method for forming a conductor 
pattern to manufacture a connector allows for produc- 
tion of a compact and low profile connector of simple 
construction by utilizing an adherent material as a me- 
chanical coupling means with opponent wiring boards, 
for example. 

[0054] In addition, the use of this method for forming 
a conductor pattem to manufacture a flexible printed wir- 
ing board makes it possible to bond the covering directly 
to the wiring element without the need for applying an 
additional adhesive as in the prior art and facilitates con- 
nection with opponent wiring elements to be connected 
by means of the transfer layer. 

[0055] Moreover, the use of the method for adherently 
transferring a metallic thin film formed on a mold onto a 
sheet-like transfer layer by causing the metallic film to 
penetrate into the transfer layer facilitates the produc- 
tion of an anisotropic conductive element having a mul- 
tiplicity of through-conductors held by the transfer layer. 



Claims 

1 . A method for producing an electrical connecting el- 
ement, comprising the steps of: 

forming a metallic thin film on a mold having 
protrusion means corresponding to a conductor 
pattern to be formed; 

adherently attaching a transfer layer compris- 
ing an adherent material or an adhesive mate- 
rial to said metallic thin film laid over the protru- 
sion means; and 
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separating said transfer layer having the metal- 
lic thin film adherently attached thereto from 
said mold so as to transfer said metallic thin film 
covering said protrusion means onto the trans- 
fer layer to thereby form an electrical connect- 
ing element having said conductor pattern 
formed on the transfer layer. 

2. The method of claim 1 wherein the step of forming 
the metallic thin film on the mold comprises forming 
on said mold a prime layer having a relatively weak 
adhesion to the mold; and 

fomning on said prime layer a metallic layer 
having a stronger adhesion to the mold than said 
prime layer has. 

3. The method of claim 1 wherein a substrate is dis- 
posed on the surface of said transfer layer opposite 
from the surface on which said transfer layer is ad- 
herently attached to said metallic thin film. 

4. The method of claim 3 wherein said protrusion 
means is in the form of raised ridges arranged in an 
array so as to form a plurality of conductor tines as 
said conductor pattern. 

5. The method of claim 4 including the step of folding 
said substrate along a fold line extending in the di- 
rection of arrayal of said conductor pattern with the 
conductor pattern side facing outwardly. 

6. The method of claim 5 including the step of sand- 
wiching a retainer member between the legs of the 
folded substrate and securing the legs and the re- 
tainer member. 

7. The method of claim 4 including the steps of: 

providing two electrical connecting elements 
each having a plurality of conductor lines 
formed by transfer, positioning one halves, as 
viewed lengthwise of the conductor lines, of the 
two eiectrical connecting elements in opposing 
contact with each other and pressing against 
each other to adherently attach the transfer lay- 
er of the electrical connecting elements and se- 
cure them together and 
attaching spacers to the surfaces of the sub- 
strates of the other halves of the two electrical 
connecting elements on the side opposite from 
the said conductor lines. 

8. The method of claim 4 including the step of laying 
an insulating covering over the conductor pattern 
side surface of the transfer layer and pressing the 
covering on the transfer layer to adherently attach 
the transfer layer and the covering together. 
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9. The method of claim 1 wherein said protrusion 
means is in the form of raised ridges arranged so 
as to fomn a plurality of conductor lines as said con- 
ductor pattern; 

5 

the transfer layer having said plurality of con- 
ductor lines formed thereon is cut perpendicu- 
lariy to the length of the conductor lines into a 
plurality of substantially equal lengths of strips; 

10 and 

said strips are aligned at the same orientation 
and stacked one on another and compressed 
together in the direction of the stacking to cause 
adjacent transfer layers to adherently attach to 

15 each other. 

1 0. A method for producing an electrical connecting el- 
ement, comprising the steps of: 

20 forming a metallic thin film on a molding surface 

of a mold having a multiplicity of grooves 
formed in the molding surface in a grid pattern 
and protrusions, one extending from the top of 
each of rectangular raised sections surrounded 

25 by the grooves; 

providing an adherent material layer having a 
release sheet applied on one side thereof and 
penetrating said protrusions of the mold into 
and through said adherent material layer into 

30 abutment against said release sheet; 

adherently attaching those portions of said me- 
tallic thin film covering the side surfaces of said 
protrusions and the surfaces of said rectangu- 
lar raised sections to said adherent material 

35 and pulling the release sheet apart from the 

mold; and 

removing said release sheet from said adher- 
ent material layer to obtain an electrical con- 
necting element. 

40 

11. An electrical connecting element comprising: 

a transfer layer made of either one of adherent 
material and adhesive material; and 
45 a conductor pattern adherently attached to said 

transfer layer by means of adherent power of 
the transfer layer itself. 

12. The electrical connecting element of claim 11 
50 wherein said conductor pattem is formed by being 

transferred and adherently attached to said transfer 
layer. 

13. The electrical connecting element of claim 12 
55 wherein said conductor pattem is formed by forming 

a metallic thin film on a mold having protrusions cor- 
responding to the conductor pattem, adhering said 
transfer layer to the metallic thin film laid over said 



8 



15 



EP 1 102 355 A2 



16 



protrusions, followed by pulling the transfer layer 
away from the mold so as to have the metallic thin 
film laid over the protrusions transferred onto the 
transfer layer. 

14. The eiectrical connecting element of claim 11 
wherein said conductor pattern includes a first me- 
tallic layer on the side opposite from said transfer 
layer, said first metallic layer having a relatively 
weak adherent power to an other object and a sec- 
ond metallic layer adjoining the first metallic layer 
on the side of said transfer layer, said second me- 
tallic layer having a stronger adherent power to the 
other object than said first metallic layer has. 

15. The electrical connecting element of claim 11 in- 
cluding a substrate adherently attached to the sur- 
face of said transfer layer opposite from the side on 
which said conductor pattern is attached. 

16. The electrical connecting element of claim 15 
wherein said conductor pattern comprises a plural- 
ity of conductor lines arranged In an array. 

17. The electrical connecting element of claim 16 
wherein said substrate is folded along a fold line ex- 
tending in the direction of arrayal of said conductor 
lines with said conductor pattern facing outwardly. 

18. The electrical connecting element of claim 17 in- 
cluding a retainer member sandwiched between the 
folded legs of said substrate and secured to the sub- 
strate. 



on the surfaces of said two transfer layers op- 
posite from the side on which the respective 
spacers are attached constitute connecting 
portions, respectively. 

5 

21. The electrical connecting element of claim 11 
wherein said conductor pattern comprises a plural- 
ity of conductor lines arranged in an array; a multi- 
plicity of said transfer layer each having said con- 
to ductor pattern adherently attached thereto are 

stacked one on another with the adjacent transfer 
layers being adherently attached to each other to 
be laminated together in one piece assembly; and 
the opposite end faces of the conductor patterns of 
15 said assembly constitute connecting faces, respec- 
tively. 

22. An electrical connecting element comprising: 

20 a transfer layer made of either one of adherent 

material and adhesive material and having a 
multiplicity of through-bores formed there- 
through and arranged in a matrix; and 
a conductor pattem including a plurality of con- 

25 ductors each comprising a tubular section ad- 

herently formed around the inner peripheral 
surface of corresponding one of said through- 
bores, a closure closing one end of said tubular 
section, and a flange section continuously ex- 

30 tending from the other end of said tubular sec- 

tion and adherently attached to one side sur- 
face of said transfer layer. 



19. The electrical connecting element of claim 15 in- 35 
eluding a covering of insulating material adherently 
bonded to said transfer layer so as to cover said 
conductor pattern. 

20. The electrical connecting element of claim 11 40 
wherein said conductor pattern comprises a plural- 
ity of conductor lines arranged in an array; and in- 
cluding two of said transfer layer each having said 
conductor pattem adherently attached thereto; and 
wherein 



one halves, as viewed lengthwise of the con- 
ductor lines, of the conductor patterns of the 
two transfer layers are positioned in opposing 
contact with each other such that those portions so 
of said two transfer layers between said con- 
ductor pattems are adherently attached togeth- 
er; and including spacers attached to the sur- 
faces of the other halves of the conductor pat- 
tems of the two transfer layers on the side op- 55 
posite from the respective conductor pattems; 
and 

those portions of said conductor patterns lying 
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FIG.5A 
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